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DETAILED ACTION 

Election/Restrictions 

1 . Claims 1-18, 33, 34, 36, 40/A/ithclrawn from further consideration pursuant to 37 
CFR 1.142(b) as being drawn to a nonelected invention, there being no allowable 
generic or linking claim. Election was made without traverse in the reply filed on 26 
January 2007. Claims 19-32, 35, 37-39 and 41-46 are currently under examination. 

Oath/Declaration 

2. The oath or declaration is defective. A new oath or declaration in compliance 

with 37 CFR 1.67(a) identifying this application by application number and filing date is 

required. See MPEP §§ 602.01 and 602.02. 

The oath or declaration is defective because: 

It does not identify the citizenship of each inventor. 

Examiner's Interpretation 

3. The Examiner notes that claims 19-32, 35, and 37-39 are drawn to a method of 
ausforming a gear formed by powder metallurgy. Claims 41-46 appear to be drawn to a 
distinct invention, bearing a different classification. In order to expedite prosecution of 
the instant application, it is assumed that the workpieces of claims 41 and 43 are 
formed by powder metallurgy. Such an assumption is supported by the title and 



Application/Control Number: 10/802,141 Page 3 

Art Unit: 1742 

disclosure of the instant application; however, Applicant is directed to MPEP §21 1 1 .01 
II. Applicant is advised that in future Office Actions, any claim that appears to be drawn 
to a distinct invention will be subject to a requirement for restriction, including claims 41- 
46. 

Double Patenting 

4. Applicant is advised that should claim 21 be found allowable, claim 27 will be 
objected to under 37 CFR 1.75 as being a substantial duplicate thereof. When two 
claims in an application are duplicates or else are so close in content that they both 
cover the same thing, despite a slight difference in wording, it is proper after allowing 
one claim to object to the other as being a substantial duplicate of the allowed claim. 
See MPEP § 706.03(k). 

Claim Rejections - 35 USC §112 

5. Claims 31 and 32 are rejected under 35 U.S.C. 1 12, first paragraph, as failing to 
comply with the written description requirement. The claim(s) contains subject matter 
which was not described in the specification in such a way as to reasonably convey to 
one skilled in the relevant art that the inventor(s), at the time the application was filed, 
had possession of the claimed invention. There is no mention in the instant 
specification or in the dopcuments incorporated by reference wherein the process is 
used to fabricate an intersecting axis gear of claim 31 or a worm gear of claim 32. 
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Claim Rejections - 35 USC § 103 

6. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
Invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 

Claims 19-32 are rejected under 35 U.S.C. 103(a) as being unpatentable over U. 
S. Patent 5,451,275 issued to Amateau et al. (hereinafter "Amateau"), in view of U. S. 
Patent 5,711,187 issued to Cole et ai. (hereinafter "Cole"). 

Regarding claim 19, Amateau describes the invention substantially as claimed. 
Amateau describes a method comprising the steps of 

(a) heating a metal workpiece in the form of a near net shaped 

gear blank having gear teeth surfaces above its critical temperature to 

obtain an austenitic structure throughout its surfaces; 
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(b) isothermaily quenching the workpiece at a rate greater than the 
critical cooling rate of its surfaces to a uniform metastable austenitic 
temperature just above the martensitic transformation temperature; 

(c) rolling the gear teeth surfaces of the workpiece to a desired outer 
peripheral profiled shape between opposed dies, each die having an 
outer peripheral profiled surface, while holding the workpiece at the 
uniform metastable austenitic temperature, the gear teeth surfaces 
undergoing densification. plastic deformation and strengthening as a 
result of the rolling operation; and 

(d) cooling the workpiece through the martensitic range to thereby 
harden the surfaces of the gear teeth. 



More specifically, in claim 1 , Amateau describes; 



hQ») heating a workpdeoe in ibb fonn of b near net 
^ shaped gear blank liaving CttrbDrizad gear teeth : 

suites above its critical temperature to obtak aa . 

ais^mtsc itructure tihiQa;ghcyut its oailniriscd siir* 

fkoes; 

(c) iscTtiienzialty qiKnsfaizig the ^esr blank at a rate 
greaser than tbe critical cooling rate Of Its carbo- ' 
rizMl iuoftcee to a rndftam zd^^tei^ble ds^tesoiic 
t«mperature Jost above maRatuitlc transfiunnap 
tlon temperature; 

(d) hoUing the tempenture of the gear blank at raid 
uttifbim temperatuie while rolling the sear teeth ^ 
svxftees between a pair of diamctricaQy opposed 
rolling gear dies to a d^ired shape before matted' 
HSg txamsfoiniation occurs; and 

(e) cooling th^ gctf thro^ themartensatie nnge for 
the cArbufized gjtat sisrfiices to hardes the gear : 
snrfkcfis. 

Anriateau does not disclose wherein the workpiece is a powder metal workpiece. 

Cole teaches that a near net shaped gear blank is formed from a metal powder, 
and subsequently worked using a rolling machine to form a gearwheel for a power 
transmission (see col. 1, line 8-col. 2, line 65). It would have been obvious to one of 
ordinary skill in the art at time of invention to substitute a powder metal gear blank as 
taught by Cole for the hobbed gear blank disclosed in Amateau. in order to tailor the 
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steel composition to particular applications, as taught by Cole (see col. 1, line 63-col. 2, 
line 41). 

Regarding claim 20, additional steps (e) and (f) claimed by applicant would be 
inherent in step (d) of Amateau shown above, if that step were performed as stated 
above on a powder metal gear blank (see MPEP §21 12). Compaction under high 
temperature (hot working) is well established in the art to cause pores of a sintered PM 
workpiece to collapse and to cause the workpiece to plastically deform. 

Regarding claim 21 , Amateau is applied to the claim as stated above. Cole 
discloses wherein the powder metal workpiece is pressed and sintered prior to rolling 
(see abstract). 

Regarding claim 22, Amateau and Cole are applied to the claim as stated above. 
Densification is well known in the art to be the primary goal of sintering operations, and 
is thus an inherent part of sintering (see MPEP §2112). 

Regarding claim 23, Cole discloses wherein the powder metal workpiece is 
pressed and sintered prior to rolling (see abstract), meeting the definition of single 
pressing the workpiece. 

Regarding claim 24, Cole discloses wherein the powder metal workpiece is 
pressed and sintered prior to rolling (see abstract), meeting the definition of single 
sintering the workpiece. 
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Regarding claim 27, Amateau is applied to the claim as stated above. Cole 
discloses wherein the powder metal workpiece is pressed and sintered prior to rolling 
(see abstract). 

Regarding claim 28, Amateau is applied to the claim as stated above. Cole 
discloses wherein the powder metal gear blank is rolled such that the tooth and flank 
regions have a density in the range of 90 to 100 percent of full theoretical density at a 
depth of 380 microns and up to 500 microns (see col. 1 , lines 36-62), said depth range 
falling within the broader range claimed by applicant and establishing a prima facie case 
of obviousness for that range (see MPEP §2144.05). 

Regarding claim 29, Amateau discloses fabricating a parallel axis gear (see col. 
2, lines 9-44). 

Regarding claim 30, Amateau discloses fabricating helical gears and spur gears 
(see col. 2, lines 9-44). 

7. Claims 25 and 26 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Amateau in view of Cole as applied to claim 21 above, and further in view of . 
Applicant's Admitted Prior Art. 

Regarding claim 25, it is well known in the art to combine sintering and hardening 
operations into an integrated operation. It is well known in the art to introduce a 
hardening or carburizing atmosphere during sintering. For example, Applicant has 
shown "atmospheric sintering" In Fig. 6 of the instant specification, which is directed to 
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prior art powder metallurgy processes. It would thus be obvious to one of ordinary skill 
in the art to use an integrated sintering and hardening operation during atmospheric 
sintering in order to save time and money in processing. 

Regarding claim 26, it is well known in the art to combine sintering, hardening 
and carburizing operations into an integrated operation. It is well known in the art to 
introduce a hardening or carburizing atmosphere during sintering. For example, 
Applicant has shown "atmospheric sintering" in Fig. 6 of the instant specification, which 
is directed to prior art powder metallurgy processes. It would thus be obvious to one of 
ordinary skill in the art to use an integrated sintering, carburizing and hardening 
operation during atmospheric sintering in order to save time and money in processing. 

8, Claims 35, 37-39 and 41-46 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over U. S. Patent 6,779,270 issued to Sonti et al. (hereinafter "Sonti"), in 
view of Cole. 

Regarding claim 35, Sonti teaches the invention substantially as claimed. Sonti 
teaches in claim 1 , 
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1. A EzieltiDd of jncckcdug a full fnmi bsI shape loU 

wQixplcco of wTQ^t or iorgcd steel baling an imtLfi! m\CT 
pcnpliejal coaiauicd sue&l» nisd icdiiiiding a pluniHt;' of 
leieltL, ««d) baviag a (coib I^dlc wlti « domMall;' Mvolute 
msho^ and a ?oat/ElLel zepczi wif b a troicfaaidal snxCaoe, fbs 
cnecbod oamp^f&u:^ ibe stefs ofr 
mtatably suppodtipg on a fisst axis a solting kavinjg aa 
imlcr pcfipbeial CDsLtofuxcd sur&ce cxtendiiis b«itweea 

ibc iOist axis, the roHiog iDcLui^iog a plisralily of 
Mcludldg a rooib iaidc vMh Ojppoee^d !d.vo- 
li^ 8$}xfa«^ and a toosb tip 3^c« 
^uHitoblj si^podtbg ^ ^^rkpiccc on a aecoiiuf axis 
dialaM iram and paiallcl to tbe flsRst axis; 

ftdvasidag ibe fdiing die ia aii i^ed d2£ectiO(d p^^ally 
peip$Mails;r u> tm asd s^^d ixe» a^h cbj»t ibe^ 
mflipg cl£& mcsMagly engages mlii iic worlqpiDCC, 

TOUtiiig ^ roUii^ die abom ibc 3.m axis wbUe cogag^ 

wiis £be wa?kpie^;i 
wbile peffofmlfig itep (d), maissiai^Liag coisiifauciLS can- 

lugftcy betwi&i&ii tb^ loiiiDg die sod liie worfcpiew wiib 

ibe iEvofuici Miirlacc of csdi lootb cf t^c rolling; die 

^itgaging tbe i£vo!m« g^oe of & tming tooib of lie 

vi^oiScpdiece and Hie U)oii % of tbe lolllQg die &Dg9^glng 

Ihe tKidioioal mdtEUct SMface betw»£ adjaocat mat- 

log t&dib of ilLd mifi^tc^ so eff&cl matedtl low. along 

{be oii1)ef pedpbera! raoioiacd surface; 
CGOftiindng to advance iiie rollcng (Mz in tbs iD-fscd 

dii)ea£oii tbi'feby 6^kmit^ iM sortBC^ of eajcb tooib 

iaBk siBd of a Qon&spoqgfiVrg mot/Elkt regiojs unti a 

Soal net sbape of each toclh and root^SJIet regioo is 

adoiev^d, and 

cc^ntmT^iog to pcifbim all of (tic procodlog stc^p^ wilb Ib^ 
inllfpg die aid worlpecs ms^siziBiy engaged, ffaereby 
de&)tQ3ins Ibd involole &i3d trodioidal it>ol;^ll$t 
faces a£ aH of tbe Icedi of tix ^^rkpiscc ceaultiDg m a 

Sonti does not teach wherein the workpiece is a powder metal workpiece, or 

(e) rolling the gear teeth surfaces of the workpiece to a desired outer peripheral profiled shape 
while engaged with the rolling die having an outer peripheral profiled surface while holding the 
workpiece at the uniform metastable austenitic temperature the gear teeth surfaces undergoing 
densification, plastic deformation, and strengthening as a result of the rolling and sliding 
operation. 
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Cole teaches that a near net shaped gear blank is formed from a metal powder, 
and subsequently worked using a rolling machine to form a gearwheel for a power 
transmission (see col. 1 , line 8-col. 2, line 65). It would have been obvious to one of 
ordinary skill in the art at time of invention to substitute a powder metal gear blank as 
taught by Cole for the forged gear blank disclosed in Sonti, in order to tailor the steel 
composition to particular applications, as taught by Cole (see col. 1, line 63-col. 2, line 
41). 

The limitation of the gear teeth surfaces undergoing densification, plastic 
deformation, and strengthening as a result of the rolling and sliding operation. Would be 
inherent in the process of Sonti shown above, if that step were performed as stated 
above on a powder metal gear blank (see MPEP §2112). Compaction under high 
temperature (hot working) is well established in the art to cause pores of a sintered PM 
workpiece to collapse and to cause the workpiece to plastically deform. The closing of 
pores is further known to cause strengthening in powder metal workpieces. 

Regarding claim 37, additional steps (i) and 0) claimed by applicant would be 
inherent in the process of Sonti shown above, if that step were performed as stated 
above on a powder metal gear blank (see MPEP §2112). Compaction under high 
temperature (hot working) is well established in the art to cause pores of a sintered PM 
workpiece to collapse and to cause the workpiece to plastically deform. 

Regarding claim 38, Sonti further discloses a process in claim 2: 
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2. A meiboc as forth in claim 1 kctuding die step, 
bcfiorc step (c) nt 
idvBsdng the woik^iwce in a diruugb-seed diiectioa 
paraQel io it^ figst ^ secoad axes racli Mi the outor 

pcripbcral caatouicd suj&cc cf tbs wrlqiiccc sng ages 
the cuter penpheiil cDQto iZied Huffice of the roiling die 
an)aaue« to jtdv^^ic^ until the worlnpiece is posi- 
t£oned substflstL&llty caextecslvB wilh tsc niliing die in 
die tfaniagh^&cd iHrecdoii. 

Regarding claim 39, Sonti further discloses a process in claim 3: 

3. A metlaod as sei &ijtb b claim 2 ^^sis step (c) 
bclttdes iha steps of: 
sdmvluadonsly with step (g) afi« wcdK>i«ce aod 

rclliag are Bubsranfiirlly uamcsbtd, Bdvaocing 

mUlog <Sk widsia & place coniaiQiQg the film and 

seccspd ax9Bk In «d iD«&ed dlrecccoa sutetsati^tty per* 

peadicdai to tbe £zs£ and secaod &x&s until tfac outer 

pedplieral ooo^aiui&d surface of ilie roll^ die engages 

the ouier peris^eral contoured su:f ace of Uie worlcpi&pe 

at a near oct shaped oesxter distance estabHsbing an 

ittiiial ced-{^^|d£sca£«e bec^'een tbe irsi and second axes 

wiica tbe u^duqiicce and tbe lotiing gssr arc iisidaiiy 

cs^aged^ and 

co3tin.ubg to ad^*BBoe tbe wcrkpieccin the m-hc6 diEvc- 
tioD by «in addJticnal incrccDcnt of center discaioc 
dscroby de&xming the pio&le surleixfi of each tooth 
leralling in Sml sel shspe of Use teeth. 



Regarding claim 41 , Applicant has stated in the specification, pages 22-23. that 
the difference between the technique as claimed for making the rolling dies and 
conventional techniques known in the art of making rolling dies is that "the die tooth 
profile maintains conjugacy in the root/fillet area of the gear tooth in addition to the area 
of active contact" (p. 22). Sonti teaches "in order to maintain a constant anguar velocity, 
it is therefore necessary to produce on the rolling dies a tooth profile which is conjugate 
to the finished gear during all phases of the engagement" (see col. 6, lines 55-59). 
Sonti further discloses steps (a)-(h) of claim 41 (see col. 6, line 24- col. 8, line 12). 

As for steps (i)-(p) of claim 41 , Sonti and Cole are applied to the claim as stated 
in the claim rejections above. 
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Regarding claim 42, additional steps (q) and (r) claimed by applicant would be 
inherent in the process of Sonti shown above, if that step were performed as stated 
above on a powder metal gear blank (see MPEP §21 12). Compaction under high 
temperature (hot working) is well established in the art to cause pores of a sintered PM 
workpiece to collapse and to cause the workpiece to plastically deform. 

Regarding claim 43, Sonti teaches the invention substantially as claimed in claim 

6: 

V ti. A mediod of piiodsiciDg a full fozni act shape zq!1 

v^'orlcpieoe of ^miij^t forged steel having an ki^ui outer 
periplicral oon!oiued surface aiid iccluHng a pMtiliiy of 
tee^, ead^ hwisg a tooUi Mck with « H'omitutiiy iovtlute 
SQT&K aid a root^Ellel irgiosi vnik £ tiDchaidal mnhcc, ibt 
method fiompri&i£;g ibe steps of: 

i^Eaiibly supponiag <m fisst aod secosid g^eaerftlly paxiltel ' 
spaced axes, &ai and scGoad zoliing diss, ead^ having 
an oKLtez pcjj^berai contooied surface extendii^ 
between generally p«Lraltei spa^d lateral effaces 
trsssvcsBC to Ihc first nm, each ralHng die iodudiog a 
phiralit>'- of tee'ii^ each tood- inchidicg a tooth Eank 
with opi>09ed mvoluce surf acas aac « tooth tip BOif^o^; 

rotatably 5>uppojnDg the wo&^ieoe os % th£?d axis distant 
^om and paralld. to the £u:at and secDnd axes; 

advancing Ihe fiist aad second rolEng dies, wcthin a 
coimoa plane generally contiinisg the fi/su ^cosd, 
and third sxcs in r&9pecti\xly opposite in-fecd dirco> 
tians geocrsUy pcrpendsoilBi to the third ssds ui^til the 
rolling die cieshh^ly engages wi^ the ^^r^piece, 

i^iAting the rolEng dies al a cosstant ang'aUr velocity 
about iheir aascdated first and second axes while 
ei^a^d with the woi!kpieoe; 

while ps^Sorming step (d), mainiddiag codthuois coe- 
jug££y between ea^ of the ioI*ing dies and the work- 
piece with the invohite aiuface of each tooth of eecb of 
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the roliing dies ci^agiDg the involute surface oE a 
matbg tDoCb of ^ wcikpiecs Bcd tbs faD& of CBi^ 
of the rolling dies dDgeg^si the trochoidal rootlet 
surS^oe dtiw«ea adjtceat maii££ ceesh of tbe wotksiece 
Eo elfect miteiial flow along the ocuer petbliefal oooa* 

tauicd sarfsoc; 

CG£ti2ii2£ng to adv^aooe eadi of tbe rolling dies ia tli« 

io-fbcd diirctiaa tbcieby dcfcniHng the suiisce of cadi 

tooth flank aod of a ooiresponciiBg icot^'fillct regEOo 

uniJl a fl£al nieit sh^e of each tcoih and of oach 

rooi/311e( region is adiieved, and 
coi^tixiiiing to per^sina all of tlic pTcccding steps wiih tl^e 

mTlfpg diBs and workpEccc m^bingly engaged^ thereby 

deforming she involaie and iroclioadal tooi;Wet ffor- 

faoes of aS of tise teeth of tbe woikpsece resulting is a 

Snal net siiBpcd macisbe dement 

Cole is applied to the claim as stated above. 

Regarding claim 44, additional steps (i) and (j) claimed by applicant would be 
inherent in the process of Sonti shown above, if that step were performed as stated 
above on a powder metal gear blank (see MPEP §21 12). Compaction under high 
temperature (hot working) is well established in the art to cause pores of a sintered PM 
workpiece to collapse and to cause the workpiece to plastically deform. 

Regarding claim 45, Sonti further discloses in claim 7: 

*■ 

7, A method as 9Ct forth in cl9im 6 ioduding the swpp 
before step (c) of: 

advancang tbe woi^iece in a tbroiigh-^ed diiscttoa 
patftiiel to the &c8t,'^oadp aad third axe« such ^{ the . 
outer periphery ocmtoufcd surface of the wcd^icce 
engages the outer pexipfaera] contoured surface of each 
of th^ rolli£g dies and ccsiicues to advft^ vndi the 
woricpiecc is poaisaned substantially coextensive wi^ 
the filing diiea in the througii«&6d diieciicm. 

Cole is applied to the claim as stated in rejections above. 

Regarding claim 46, Sonti further discloses in claim 8: 
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S. A method «$ set Sorch ia ciaim 7 wber»k 9tep (c) 
inckdcs tSic steps of: 

siBultazxously with step (g) after, the woritpicGe and 
roQkg die ire substafltUOy enmeshed, advaackg iht 
mllirg die wldsin a plane coataimiig the £i5t and 
secocd axes^ izs aD ta-£ccd directiozt aabstastialty pcr- 
pendicuJax id the fixsi and geoond axes, U£tQ the ouier 
peripheral coalimrcd snT&oe cf the rollmg die eagages 
the outer peripbeial contcmrcd sur&tx of ^ wcdspiece 
at £ near set sliaped cemer dcstaixe es>tabliBhirig an 
imtfal oeaier distacoe between the £List and second axes 
whes the woi£B»ieoe and the rolling geaf die are initially 
csgsfcd; and 

ccntmulng to advanoc the woiikpicoc m the in-fecd dlrcc- 
tioD by an additicnal iocrement c£ oenteT distance 
thetel^ detoming the profile sodkces of eadi tooth 
resulting in final oct sh«pe cf the teeth. 



Cole is applied to the claim as stated in rejections above. 



Conclusion 

9. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Christopher Kessler whose telephone number is (571) 
272-6510. The examiner can normally be reached on Mon-Fri, 9-5. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Roy King can be reached on (571) 272-1244. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 



Application/Control Number: 10/802,141 



Page 15 



Art Unit: 1742 

Information regarding tlie status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status infomnation for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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